Abstract Aim-To analyse the effect of sectioning on the assessment of karyotypic heterogeneity by interphase cytogenetics in paraffin wax embedded normal squamous epithelium and to apply the principles derived to invasive cervical carcinoma. Methods-Normal male (n = 5) and female (n = 5) squamous epithelia were hybridised with peri-centromeric repeat probes specific for chromosomes X (DXZ1) and 17 (Dl7Z1) individually and in combination to assess the effect of sectioning on mono-, di-, tri-, and tetrasomic populations. Section thickness, interobserver variation and variation between different areas of the epithelium were evaluated. Invasive squamous carcinomas of the cervix (n = 5) were then hybridised with the DXZl probe and intratumoral heterogeneity was assessed by comparison of signal distributions obtained from different areas. Results-The optimum section thickness for the assessment of normal epithelium was 6 gm. Variation in the expected signal number in the range 1-4 did not introduce artefactual heterogeneity at this section thickness. The sensitivity of this approach for the detection of minor subpopulations was calculated to be 13-16%,17-18% and 10-11% for mono-, tri-and tetrasomic populations, respectively. Karyotypic heterogeneity was detected in two of the five tumours and, in one case where the populations where clustered morphologically, a minor population representing 18% was identified.
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Conclusions-Interphase cytogenetic analysis of sections from paraffin wax embedded material can be used for the detection of minor subpopulations in tumours. This approach will be of particular value in the assessment of the relation between human papillomavirus infection and tumour karyotype and in the analysis of intraepithelial neoplasia. Keywords: interphase cytogenetics, cervix, chromosome, heterogeneity.
Interphase cytogenetics involves karyotypic analysis by the demonstration of specific DNA sequences in interphase nuclei.' 2 This has several advantages over the conventional approach, which is based on the analysis of metaphase chromosomes. Cell culture is not required and hence cytological and histological material can be analysed directly. The technique is quicker and does not require cytogenetic expertise for the analysis of results as, given appropriate specificity of controls and probe characterisation, the presence of signal can be used to indicate the appropriate target sequence. This approach also has the potential for detection of subpopulations within karyotypically complex tissues and thus can be applied to the investigation of intra-tumoral heterogeneity and of mosaicism.
Numerical chromosome abnormalities can be demonstrated by in situ hybridisation with peri-centromeric repeat probes.3 This approach can be used to analyse individual chromosome aneusomy in tumour derived material, such as cell lines4 and fine needle aspirates. 5 The application of this approach to paraffin wax embedded material is more difficult as, if whole nuclei are extracted from thick sections,6 morphological correlation is not possible but, if thin sections are used, morphological assessment is achieved at the expense of nuclear truncation as a result of sectioning.7-'3 However, morphological correlation is a prerequisite for the analysis of intratumoral heterogeneity by this technique and therefore it is important to assess the information which can reliably be gained from such an approach. Although there are studies in which karyotypic heterogeneity within tumours has been demonstrated, there has been no systematic approach to the assessment of the reliability of the data produced, of the effect of sectioning in archival material or of the sensitivity of this method for the detection of minor subpopulations.
The aim of the present study was therefore to analyse the effect of sectioning on the assessment of karyotypic heterogeneity in paraffin wax embedded material. In order that data derived from the analysis of invasive tumours, which are likely to have a variably complex karyotype, could be interpreted, the effect of nuclear sectioning was modelled using normal squamous epithelium which has a stable, normal karyotype. The principles derived from this analysis were then applied to invasive cervical carcinomas.
Methods

CHOICE OF CASES
The following three groups of cases were selected from the diagnostic files of the Royal Liverpool University Hospital: (1) five normal cervices from hysterectomy specimens from patients with no known history of cervical neoplasia; (2) five biopsy specimens of normal non-keratinising oral squamous epithelium from male patients with no history of malignant disease; and (3) five invasive cervical squamous carcinomas.
PROBES
The chromosome specific probes used were biotinylated Dl 7Z 1 and DXZ1 (Oncor, Gaithersburg, Maryland, USA). These probes label peri-centromeric repetitive sequences and have been localised previously to the appropriate chromosome. 4 The DYZ3 probe (Oncor, USA) was used to confirm the presence of a Y chromosome in biopsy specimens from male patients. view of nuclear overlapping, particularly in the basal layers of the epithelium. The second approach involved keeping the section thickness constant at 6 ,um and varying the expected signal number in normal epithelium by hybridising male and female epithelia with alphoid probes specific for chromosomes X and 17, both individually and in combination. This demonstrated that there was variation between cases, including normal epithelium, but that, when different areas of the same case were analysed, there was no difference in signal distribution. These results indicate that sectioning may lead to variation in distributions between cases even when the expected signal number is the same. This is most likely the result of a combination of factors, including variation in hybridisation efficiency, differences in fixation and small variations in section thickness. In general, it was found that repeating the hybridisation gave the same distribution, indicating that variation between cases was probably because of fixation differences. This observation indicates that a particular frequency distribution cannot be regarded as indicative of the chromosome number in the intact tissue and is of importance when analysing more complex karyotypes, particularly when there is also variation in nuclear size. However, the observation that there is no variation between areas of the same case indicates that statistically significant heterogeneity is not introduced by sectioning when 100-200 nuclei are assessed from each area. .==.er=-s__ -w. z nt ; w N~Vf K --t w * Figure 5 Interphase cytogenetics of an invasive squamous cell carcinoma ( fig 7A) showing that the majority of tumour nuclei contain two or three signals. The sensitivity for detection of a trisomic population in a background of normal cells is approximately 17-18% (that is, 34-36 cells), 13-16% for a monosomic population, and 10-1 1% for a tetrasomic population. The sensitivities are not affected significantly by the efficiency of hybridisation, as shown by the narrow ranges. This is most likely because variation in efficiency affects both probes equally. However, sensitivity will decrease with increasing nuclear size. Therefore Counting order Figure 8 The relation between signal number and counting order in areas 1 
